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EXTENSIVE CAVITY FORMATION IN THE CEN-

TRAL NERVOUS SYSTEM, PRESUMABLY DUE
TO BACILLUS AEROGENES CAPSULATUS.

BY EMMA W. MOOERS, M.D., WAVERLEY, MASS.

From the Laboratory of the McLean Hospital.
The so-called Gruyère cheese brain has been the

subject of much speculation since 1870. There
have been various theoriesy of the nature of these
cavities found in the brain.

The earliest theory was that the condition is due
to dilatation of the perivascular lymph spaces ; later
that it is a detention of the network of the neurog-
lia due to lymph stasis ; again to dilatation of the
pericellular spaces of the neuroglia or to absorption
of the nerve substance from pressure. The process
has been spoken of as " cystiform degeneration,"
also quite widely to-day as " cyst formation."

The other pathological conditions known gener-
ally under the term état criblé could hardly now be
mistaken for that produced by the gas bacilli. In
genuine cyst formation there is a lining membrane
and evidences of a chronic process. At the pres-
ent time there is no reasonable doubt that the cavity
formation is due to the production of gas in the
brain substance by gas-forming bacteria.

Bacteria have been found in the brain substance
in this condition by several observers, but in onlythree cases has the identity of these bacteria been
clearly established. Two of these cases are reported
by W. T. Howard, Jr.1 In one of them he iden-
tified the bacteria as of the species known as the Ba-
cillus aërogenes capsulatus. In a third case reported
by Madison c the Bacillus aërogenes capsulatus and
other bacteria were found.

The Bacillus aërogenes capsulatus, as first shown
by W. H. Welch,8 is characterized by its power of
producing gas in the tissues of man and animals.
It is the bacterial cause of the majority of the sep-
tic and putrefactive conditions accompanied by gas
formation in the tissues. It is a common inhabi-
tant of the intestine, and is probably widely distrib-
uted outside of the body.The Bacillus mucosus capsulatus is found in cer-
tain forms of pneumonia and peritonitis and in vari-
ous other inflammatory conditions. It is probably
a normal inhabitant of the upper air passages. The
strain of this bacillus found by Howard in one of
his cases was shown by him to be an energetic gas
producer, both in culture media and in the bodies
of animals.

The following case, which occurred at the Mc-
Lean Hospital, may here be briefly reported. For the
sake of brevity we leave out all detail which has no
bearing on the special features to which we wish to
call attention.

The patient, a man forty-nine years of age, had ad-
vanced general paralysis, having' been in the hospital for
nine years. He was profoundly demented, with exten-
sive paralytic evidences, and confined to bed. He was
well nourished and weighed 1G8 pounds. The patient'scondition continued unchanged until ¡i few days before
death, when an Increased restlessness was noted. Onthe morning of the day he died there was discovered a
marked abdominal detention, a temperature of 104" and
respiration 48-58. He rapidly failed, and died in the
evening.

Autopsy. The autopsy was made twenty hours
after death ; the weather was hot and the body, with
ice over the abdomen, had been kept in a cool room.

Rigor mortis was present ; the face and bodyappeared bloated, the abdomen greatly distended
and the entire skin of a dark bluish hue. On sec-
tion there was gaseous emphysema of the subcuta-
neous tissues in both thorax and abdomen, but none
in the scalp, which was very dense and of unusual
thickness. Gas escaped on opening the abdominal
cavity. The stomach and intestines were greatlydistended with gas, and showed red discoloration in
places. The blood vessels were very prominent.
The liver appeared spongy, pale and puffy, riddled
with gas cavities ; the spleen slightly so. In the
kidneys and heart muscle no cavities were seen ;
but both shovved gas cavities and bacilli on micro-
scopical examination. The heart muscle appeared
soft, and on microscopical examination the muscle
fibers were much fragmented and the nuclei stained
poorly. The kidneys showed in places slight in-
crease of connective tissue. There was no pneu-
monia, no pleural nor peritoneal exúdate. There
were old adhesions at the base of the left lung.
The stomach showed several small erosions.

The brain presented at the autopsy nothing but
the usual condition found in advanced general paral-
ysis ; that is, marked atrophy, especially in the frontal
lobes (weight of brain 1070 gin.), thickening of the
pia. The vessels appeared unusually large. It was

put into formalin in toto and found to float. The
formalin was frequently changed. The cord showed
unusual thickening of the pia arachnoid from the
thoracic region down and a marked dark purplish-
red discoloration of the membranes.

After the brain had been six days in formalin,
frontal sections were made. The appearance of
these sections was very striking. The whole of the
cut surface showed many cavities (Figs 1 and 2) ;
these varied in size from 3.5 cm. to the smallest
visible to the naked eye ; the shape varied, being
usually oval but sometimes round ; a few were slit-
like. They were located in both white and gray
matter. The portions which had maintained the
greatest integrity were the gray matter of the cortex
of both cerebral hemispheres and that of the cere-
bellum. The basal ganglia and brain stem (Fig. 2)
were equally affected with the medullary portions of
the brain. There was present a distinct pigmenta-
tion in certain portions of the brain ; it was of a
dark slate color and irregularly distributed, being
seen outlining some of the convolutions (especially
in the temporal lobes) just below a narrow line of
unpignieuted cortex. This color was also seen in
the gray matter of the cerebellum and irregularly on
the cut surface of the pons and medulla. The cord
below the medulla did not show this pigmentation
microscopically, but in the meninges was seen the
same dark slate color uniformly distributed.

Miciioscoi'iCAi. Examination of Suctions. Speci-
mens from the cortex were hardened in alcohol
and stained by Nissl's method. Other pieces were
hardened in formalin and stained by heiuatoxylin-
eosin and by Gram's and various other methods.
Specimens from heart and kidney were hardened in
Zenker's fluid.

The cortex showed the usual changes of general
paralysis, which it is not necessary to describe here,
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Of some importance, however, is the fact that the
nerve cells presented no postmortem alteration, but
throughout, the typical changes found in fever,
namely, the uniform pale staining of cell bodies with-
out reference to the stainable or non-staiuable sub-
stance ; this pale staining makes the processes visi-
ble much farther than normal; the axis cylinders
are frequently stained. The nucleus is large with
well-marked nuclear membrane, with moderately
distended nuclear network, with now and then
sharply defined irregular granules in the vicinity but
not connected with the micleolus. There is no pro-
nounced increase of satellite cells. Beside the fever
alteration, many of the cells, both large and small,
show a yellow pigment situated Irregularly in the
cell body ; individual particles of the pigment are

not well defined in the Nissl stain. In a hematoxy-
lin stained preparation, however, the pigmentation
is much darker, being brownish with discrete par-
ticles.
 

The cavities in the brain tissue were found on

microscopical examination without a lining mem-
brane ; the walls were frequently smooth and clean
cut, but there were many which looked slightly ragged
in a part or the whole of the wall. The tissue around
the cavities was composed of the brain substance
itself ; it showed no inflammatory reaction, though it
often appeared compressed and took a slightly
deeper stain ; the nuclei were sometimes, but by no
means always, paler in these zones. The larger
cavities were empty or nearly so; somewhere along
the edge of the walls of these were generally seen a
few bacteria or an elongated mass of them ; there
were also found in some very fine shreds of tissue
of the neighborhood, a blood vessel whole or rup-
tured and the contents of the latter. The smaller
cavities almost invariably contained many bacilli, and
in some was seen an amorphous substance contain-
ing sharply defined particles of dark pigment (iron
reaction to this pigment negative). The cavities,
while often showing some relation to a blood vessel,
were seen also scattered through the tissue with
apparently no relation to blood vessels or lymph
spaces. Bacilli were found free in the brain tissue
in clumps and singly, neither associated with blood
vessels nor cavities.

Only one kind of bacteria appeared to be present
(Fig. 3). These were bacilli of about the size and di-
mensions of the anthrax bacillus. They had round
or nearly square ends, some of them stained some-
what irregularly, showing faintly stained areas in
the protoplasm. In others were occasionally seen

darkly stained granules. A clear halo could be
plainly made out by partly shutting off the light,
but no distinct capsules and no spores were seen ;
they were found in clumps, in short chains (rarely),
in pairs and singly ; the bacilli stained by Gram's
method and by the ordinary aniline dyes. They
are morphologically and in staining reaction identi-
cal with the Bacillus aërogenes capsulatus of Welch.

These bacilli, besides being found in the mem-

branes, cavities and tissues, crowded in most
places the small vessels so that often the blood
corpuscles could not be seen. In the larger vessels
they were also seen scattered through the contents
and about their walls. Many bacilli were present
in the choroid plexuses.

The other histological changes, namely, the altera-

tions in the vessel walls, the increase of cells and
the presence of pigment granules in perivascular
lymph spaces, the degeneration of myelin fibers in
cortex and cord, the increase of neuroglia and the
general disturbances of the normal architecture of the
cortex,

—

all these are the changes commonly found
in such an advanced case of general paralysis.

Spinal cord.
—

In the pigmented portions of the
meninges, especially the pia arachnoid, the small
dark particles of pigment observed in the bruin
were very numerous and sharply defined, being
present in loose masses' in the stroma, in the lymph
spaces and within the vessel walls. The mem
branes contained enormous numbers of bacilli.
There were well-marked cavities in the ventral
fissure so that the adjacent structures were pushed
aside (Fig- 4). There were a few very small cavi-
ties lying near clumps of bacilli, especially in the
lateral columns of the cord ; a few larger ones were
found in the ventral horns ; not all the blood vessels
here contained bacilli, they were much more free
from invasion than those in the brain. No bacilli
were found in the central canal. The cavities were
much fewer than in the brain.

In view of the large number of bacilli found in
the brain and spinal cord of this case, and in view
of the gas-producing powers possessed by the Bacil-
lus aërogenes capsulatus, which we believe to be the
bacterium concerned in this case,'we agree with the
view of other recent observers that the cavity forma-
tion in the brain and cord is due to the develop-
ment of gas therein by the bacteria.

The question which, of course, arises in all such
cases is this : Is this cavity formation in the central
nervous system wholly a postmortem phenomenon ?
The absence of any reactive changes in the tissue
and the absence of symptoms which would point to
a sudden damage to the nervous system speak for
this. But it must be admitted that the extreme
paralytic dementia would have made such symptoms
difficult to observe. Yet it is now well known that
the Bacillus aërogenes capsulatus may invade the
living organism, and Howard ' and others ", have
claimed that it may even cause acute purulent
meningitis. Interesting in this connection is the
case of Hartmann,:i in which the anatomical find-
ings were those of extensive cavity formation in the
central nervous system without any inflammatory or
reactive process anywhere. In this case the clinical
picture was very interesting. Some days before
death there developed a most complicated group of
both sensory and motor palsies with somnolence ;
there was distention of the abdomen, rapid respira-
tion and elevated temperature. Nothing was found
at autopsy or by histological examination which
could account for the symptoms, except the pres-
ence of the gas bacillus in large numbers. Hart-
maim assumes that the cavities were formed post-
mortem, but that the presence of the bacilli in the
nervous system, partly by their mechanical, partly
by their toxic actions, caused the extensive symp-
tom-complex.

In the absence of any other demonstrated cause,
of death in our case, and in view of the rapid and
extensive abdominal distention with great rise of
temperature, it seems possible that the invasion of
the circulating blood by the bacillus was the cause
of death by the production of a toxemia.
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MOOKltS. CAVITV 1'OHMAT'lON,

Fio. 1.
—

Frontal section through brain (In front of the erura), showing numerous gas cavities.

Fio. 3.
—

Section through puno and cerebellum, showing many cavities, especially in poils and
white matter of cerebellum.
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Fio. :i.
—

Section showing portion of one of tin- smaller cavities In hrnin.
On the right, ihu wall; «>ix tiro left, ¡i portion nf nmorphous muss containing
pigment granules and some bacterial In center and wall, hacterla.

Fio. 4
—

Section through cervical cord ; large cavities In pia arachnoid, minute cavltleH In snlistnnce of eord.
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BACILLUS SHIGA IN AN EPIDEMIC OF
DIARRHEA.

BY LAWRENCE W. STRONG, M.D., WABAN, MASS.

For three summers a seaside community on the
Maine coast has been disturbed by what were

apparently epidemics of diarrhea, affecting both in-
fants and adults, of varying degrees of severity, and
beginning about the 1st of August in each year.

Often several members of one family were affected
simultaneously or in succession, and only rarely was
there anything obviously suspicious In the food
which had been taken which might be regarded as a

possible cause of the upset. The hygienic condi-
tions of the village seemed well-nigh perfect. The
water supply was a mountain lake situated about
two miles from the village, two hundred feet above
the sea level and from twenty-five to one hundred
feet above the habitation levels, in depth averaging
about one hundred feet, surrounded by forest, with
but one house in its vicinity.

The milk supply was very largely taken from a
milk farm on the shore of another lake, where the
mountain lake water was used for the cattle and for
domestic purposes. There was good pasturage in
the meadows, the milk was cooled in ice immediately
after milking, the stable and premises as well as the
cattle and the attendants were as cleanly as the,
nature of the business allows. Bacterial counts of
the milk made this year and last were comparatively
low.

A new system of sewerage had been installed in
1!)01, whereby all waste was conducted in galvanized
iron pipes to a cove at a distance from the village,
and there discharged below low tide level. A few
residences still discharged sewage into the harbor at
tide level. Bangor and Boston markets furnished
meats; vegetables were largely native grown, and
consequently fresh. Climatic conditions were varia-
ble, there was a good deal of fog, as in characteristic
of Maine, and this summer furnished an unusual
amount of cold weather.

In analyzing this apparent epidemic it is not
assumed that all the cases of diarrhea were of one
form, even though an epidemic with a common cause

may have occurred.
The common summer diarrheas are clinically

separated into first, the simple diarrhea of nervous

origin, or due to alterations in temperature, change
in the food or other simple cause ; second,the infec-
tive diarrheas, which are subdivided into fermented

diarrhea, cholera iiifanttim and ileocolitis. This
classification, while, largely on the basis of symp-
tomatology, takes a certain account of pathology
and of etiology.

The simple diarrhea, which is non-bacterial, may,
by increasing the susceptibility to invasion by mi-
cro-organisms, pass over into an infective diarrhea
by allowing bacteria normally or accidentally pres-
ent to invade the tissues. The infective diarrhea
may be of the fermentai type if the irritation acts
high up in the alimentary tract, or it may produce
an ileocolitis if the action of the bacteria or the
absorption of toxic substances is delayed until the
iletim or colon is reached. Thus a case may start
as a simple diarrhea and end either as a fermentai
diarrhea or an ileocolitis. On this theory the same

micro-organism, whether a normal inhabitant of the
intestine or introduced with the food, might produce
either a fermentai diarrhea or an ileocolitis.

It is generally recognized that streptococci in the
food, especially in milk, will produce diarrheas of
the above types, and saprophytes also have been
regarded as causative elements, but up to the pres-
ent no definite relation has been found between anyspecial form of bacteria and variety of diarrhea.
Even if such a relation exists, it will hardly explain
all the eases of infective diarrhea. As to the clini-
cal classification of the cases actually encountered
last summer, the majority were simple diarrheas of
the non-infectious type. Then there occurred fairly
numerous fermentai diarrheas, the form which usu-

ally makes up 90% more or less of summer com-

plaints, and what was most remarkable was a

preponderance of ileocolitis. usually rather a rare
condition. The greater number of these were rather
insidious in onset, but developed in a day or two
into a very obstinate and exhausting diarrhea, with
numerous mucous and watery discharges, finally
producing mucous casts of the intestine and bright
red blood in specks and adherent to the mucus.
Occasionally was seen a grayish or pink tinged slimy
mass, apparently a slough from the intestine. In
this form there was from the first a moderate con-
tinuous fever, from 100° to 103°, without morning
or evening variations. Vomiting was common at
the onset, but rarely persisted long. Tympanites
and abdominal tenderness were common. The dura-
tion of these cases was variable, but the severer ones
ran a course of one to several weeks.

Such cases as these, of which I had five under my
own care, are the ones which suggest an epidemic,
but in addition to these the mild cases were so pre-
valent that the inhabitant of this resort who escaped
entirely was exceptional.

While the diarrheas were most prevalent and there
was considerable excitement over the situation, Dr.
Flexner visited the locality. Together with Dr. C.
A. Herter and Dr. K. K. Dunham of New York an

investigation was undertaken.
Cultures of the bacillus of dysentery isolated by

Flexner from cases in the Philippines were obtained,
and serum from one of my convalescent cases of
ileocolitis gave a quick and marked clumping reac-
tion with the bacillus. From the stools of another,
most severe case, the same bacillus was isolated and
identified. In this case injections of antitoxic horse
serum prepared by Dr. Flexner from the bacillus of
dysentery were used. This serum had been used
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